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:
(p) $\{\begin{array}{ll}u_{t}=\triangle u+k_{1}(C_{0}-\int_{\Omega(t)}udx)-k_{2}u in Q\tau,\text{ } =1+A\kappa+BV on \Gamma_{T},V=-\nabla u\cdot n+g(C_{0}-\int_{\Omega(t)}udx) on \Gamma_{T},u(x,0)=\phi(x) in \Omega(0).\end{array}$
, $\Omega(t)$ $t$ $\mathbb{R}^{2}$ , $\partial\Omega(t)$ $\Omega(t)$ . ,
$Q\tau$ $\Gamma_{T}$ ,
$QT$
$;= \bigcup_{0<t<T}\Omega(t)\cross\{t\}$ , $r_{\tau:=\bigcup_{0<t<T}\partial\Omega(t)}\cross\{t\}$ ,
. $\phi$ , $\kappa=\kappa(x,$ $t)$ , $\partial\Omega(t)$ , $V=V(x, t)$
$\partial\Omega(t)$ , $n=n(x, t)$ $\partial\Omega(t)$ . $g$
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1.1
Stefan
, . Hanzawa[3] , Stefan
, non-cylindrical Hanzawa
, Nash-Moser ,








1 $\partial\Omega(0)\in C^{3+\alpha}$ . , $\phi$
$C^{2+\alpha}(\overline{\Omega(0)})$ , :
$\phi=1+A\kappa+B[-\nabla\phi\cdot n+l_{1}(C_{0}-\int_{\Omega(0)}udx)]$ $on$ $\partial\Omega(0)$ . (1)
, $T_{*}>0$ , (P)
$u\in C^{2+\alpha,(2+\alpha)/2}(\overline{Q_{T_{*}}})$ , $\Gamma_{T}$. $\in C^{3+\alpha}’(3+\alpha)/2$
.
, . , [2] .
, .
$u=1+A\kappa+BV$ , $u$ $C^{1+\alpha,(1+\alpha)/2}$ $u_{1}$
, , ,
. $(P_{1})$
$u_{2}$ . , $(P_{1})$ (P) $u=1+A\kappa+BV$
. $u_{2}$ $u=1+A\kappa+BV$ $u$
, (P) $u_{3}$ . ,
$\{u_{n}\}_{n=1}^{\infty}$ $\{\Gamma_{T}^{n}\}_{n=1}^{\infty}$ .




, , , ,
. , $\partial\Omega(0)$
$\partial\Omega(0)_{\epsilon}$ . $\mathcal{M}$ $\partial\Omega(0)_{\epsilon}$ 1 . ,
$X^{0}(s_{1}):\mathcal{M}arrow\partial\Omega(0)_{\epsilon}$
$C^{\infty}$ $X^{0}$ . , $N(s_{1})$ $X^{0}(s_{1})\in\partial\Omega(0)_{\epsilon}$
. , $C^{3+\alpha}$ $X(s_{1}, s_{2})$ : $\mathcal{M}\cross$
$[-L, L]arrow \mathbb{R}^{2}$ :
$X(s_{1}, s_{2})=X^{0}(s_{1})+s_{2}N(s_{1})$ .
, $L$ X . $X$
$\{X(s_{1}, s_{2})|s_{1}\in \mathcal{M}, s_{2}\in[-L, L]\}$ . , $T$
, $\{\Gamma_{t}\}_{0\leq t\leq T}$
$\Gamma_{t}:=\{X(s_{1}, s_{2})|s_{2}=\Lambda(s_{1},t), s_{1}\in \mathcal{M}\}$ , $0\leq t\leq T$
. , A
$A$ : $\mathcal{M}\cross[0, T]arrow[-L, L]$ , $\Lambda\in C^{2_{1}1}(\mathcal{M}\cross[0, T])$
. , $X$
$(s_{1}, s_{2})=(S_{1}(x), S_{2}(x))$
$S_{1},$ $S_{2}$ . $S_{1},$ $S_{2}$ ,
$\Phi(x, t)=S_{2}(x)-\Lambda(S_{1}(x), t)$
, $\Gamma_{t}$ $\Phi(x, t)=0$ $(x, t)$ . , $\Gamma_{T}$




. , $\kappa(s_{1}, t)$
$\kappa(s_{1},t)=-\frac{1}{|\nabla_{x}\Phi|}(a(s_{1},\Lambda,$ $\frac{\partial\Lambda}{\partial s_{1}})\frac{\partial^{2}\Lambda}{\partial s_{1}^{2}}(s_{1}, t)+b(s_{1},$ $\Lambda,$ $\frac{\partial\Lambda}{\partial s_{1}}))$
. ,
$\alpha_{i}(s_{1}, s_{2})=(\begin{array}{l}\partial S_{i}(x)/\partial x_{l}\partial S_{i}(x)/\partial x_{2}\end{array})$ , A $(s_{1}, s_{2})=(_{\partial^{2}S_{i}(x)/\partial x_{2}\partial x_{1}}^{\partial^{2}S_{i}(x)/\partial x_{1}\partial x_{1}}$ $\partial^{2}S_{i}(X)\partial^{2}S_{i}(x)!^{\partial dx_{2}}\partial x_{1}’x_{2}\partial x_{2})$ ,
$a(p_{1},p_{2},p_{3})= \alpha_{1}\cdot\alpha_{1}-\frac{p_{3}^{2}(\alpha_{1}\cdot\alpha_{1})^{2}}{1+p_{3}^{2}|\alpha_{1}|^{2}}$ ,
$b(p_{1},p_{2},p_{3})=p_{3}Tr( \beta_{1})-Tr(\beta_{2})-\frac{p_{3}^{2}(\alpha_{1}^{T}\beta_{1}\alpha_{1})}{1+p_{3}^{2}|\alpha_{1}|^{2}}+\frac{p_{3}^{3}(\alpha_{1}^{T}\beta_{1}\alpha_{1})}{1+p_{3}^{2}|\alpha_{1}|^{2}}$
. (P) . ,
$u=1+A\kappa+BV$
$(*)\{\begin{array}{l}\frac{\partial\Lambda(s_{1},t)}{\partial t}=\frac{A}{B}a(s_{1}, \Lambda, \frac{\partial\Lambda}{\partial s_{1}})\frac{\partial^{2}\Lambda}{\partial s_{1}^{2}}+\frac{A}{B}b(s_{1}, \Lambda, \frac{\partial\Lambda}{\partial s_{1}})+c(s_{1},\Lambda, \frac{\partial\Lambda}{\partial s_{1}})v(s_{1},t) in \mathcal{M}\cross(0,T),\Lambda(s_{1},0)=\Lambda_{0}(s_{1}) in \mathcal{M}.\end{array}$
. ,
$c(p_{1},p_{2},p_{3})=- \frac{1}{B}(1+|p_{3}\alpha_{1}|^{2})$ ,
. , $x\in\partial\Omega(O)$ ,
$v(s_{1},t)=u(X(s_{1}, \Lambda(s_{1}, t)),t)$ .
$x=X^{0}(s_{1})+\Lambda_{0}(s_{1})N(s_{1})$ ,
$|\Lambda_{0}|\leq L/6$ , $\Lambda_{0}\in C^{3+\alpha}(\mathcal{M})$
. [5]. , $(*)$ $A|$
.
2.1. $v_{1}\in C^{1+\alpha,(1+\alpha)/2}(\overline{\Omega(0)_{\epsilon}}\cross[0, T])$ . , Ao $\in C^{3+\alpha}(\mathcal{M})$








. , $a$ , $a,$ $b,$ $c$ H\"older $c^{\alpha,\alpha/2}(\mathcal{M}\cross[0, T])$
, . ([2] )
2.2 Non-cylindrical domain
, $\overline{\Omega(0)}\cross[0, T]$ non-cylindrical domain
$Y$ . 2.1 $\Lambda_{1}$ ,
$\Gamma_{T}^{1}:=\{X(s_{1},\Lambda_{1}(s_{1}, t))|s_{1}\in \mathcal{M}, t\in[0, T]\}$ .
. , $\Gamma_{T}^{1}$ $Q_{T}^{1}$ . ,
$Y:\overline{\Omega(0)}\cross[0,T]arrow Q_{T}^{1}$ ,
$Y$ .
22. $\overline{\Omega(0)}\cross[0, T]$ $Q_{T}^{1}$ $C^{3+\alpha,(3+\alpha)/2}$ $Y$ .
. , :
$Q\equiv Q(0)\cross[0, T]$ .
, $Q(O):=\{X(s_{1}.L)|s_{1}\in \mathcal{M}\}$ . , $Y$
:
$Y:Qarrow Q$ st.
$Y(y,t)=\{\begin{array}{ll}y if dist(y, \Omega(0))>\frac{3}{4}L,X^{0}(s_{1})+(s_{2}+\chi(s_{2})\Lambda(s_{1}, t))N(s_{1}) if dist (y, \Omega(0))\leq\frac{3}{4}L.\end{array}$ (2)
51
,$(s_{1}, s_{2})=(S^{1}(y), S^{2}(y))$ ,




$(P_{1})\{\begin{array}{ll}u_{t}=\Delta u+k_{1}(C_{0}-\int_{\Omega^{1}(t)}w_{1}dx)-k_{2}u in Q_{T}^{1},u_{1}=-\nabla u\cdot n_{1}+g(x, t)(C_{0}-\int_{\Omega^{1}(t)}w_{1}dx) on \Gamma_{T}^{1},u=\phi in \Omega(0).\end{array}$
,
$\Gamma_{T}^{1}=\{X(s_{1}, \Lambda_{1}(s_{1}, t))|\Lambda_{1}:$ $2.1$ $, s_{1}\in \mathcal{M}, 0\leq t\leq T\}$
, $\Omega^{1}(t),$ $v_{1},$ $n_{1}$ , $\Gamma_{T}^{1}$ , ,
. , $w_{1}$ $C^{1+\alpha,(1+\alpha)/2}(Q_{T}^{1})$ .
, $(P_{1})$ (2) , cylinder .
([4] ).
$v(y,t):=u(Y^{-1}(y,t), t)$ .
, $(P_{1})$ ( , $(P_{1}^{*})$ ):
$\{\begin{array}{ll}v_{t}=\sum_{i,j=1}^{2}a_{i_{2}j}(y, t)\frac{\partial^{2}v}{\partial y_{i}\partial y_{j}}+\sum_{i=1}^{2}b_{i}(y, t)\frac{\partial v}{\partial y_{i}}+k_{1}\int_{\Omega^{1}(t)}w_{1}dx-k_{2}v in \Omega(0)\cross[0, T],-\nabla_{y}v\cdot\hat{n}(y, t)+l_{1}g\int_{\Omega^{1}(t)}w_{1}dx=V(Y^{-1}(y, t),t) on \partial\Omega(0)\cross[0, T],v=\phi(Y^{-1}(y, t)) in \Omega(0).\end{array}$
52
,$\{\begin{array}{l}a_{i_{?}j}(y, t)=\nabla_{x}Y_{i}(x,t)\cdot\nabla_{x}Y_{j}(x, t)|_{x=Y^{-1}(y,t)},b_{i}(y, t)=\Delta_{x}Y_{i}(x, t)-\frac{\partial Y_{i}}{\partial t}x=Y^{-1}(y,t)’\hat{n}(y, t)=(\nabla_{x}Y_{1} . n_{1}(x, t), \nabla_{x}Y_{2}\cdot n_{1}(x, t))|_{x=Y^{-1}(y,t)},\end{array}$
. , .
2.3. $\phi\in C^{2+\alpha}(\overline{\Omega(0)})$ (1) . , $(P_{1})$
$u_{1}\in C^{2+\alpha,(2+\alpha)}(\overline{Q_{T}^{1}})$ .
2.3
2.1 $v_{1}$ $\Lambda_{1}$ , 23 $\Lambda_{1}$ $u_{1}$ .
$S^{1},$ $S^{2}$ :
$S^{1};=\{v\in C^{1+\alpha,(1+\alpha)/2}(\overline{\Omega(0)}\cross[0, T])|\Vert v\Vert_{C^{1+\alpha,(1+\alpha)/2}}(\overline{\Omega(0)}\cross[0,\tau])\leq m-2\}$,
$S^{2};=\{\Lambda\in C^{3+\alpha,(3+\alpha)/2}(\mathcal{M}\cross[0, T])|\Vert\Lambda\Vert_{c(\mathcal{M}x[0,T])}1+\alpha.(1+\alpha)/2\leq L/6$ ,
$\Vert\Lambda\Vert_{c^{s+\alpha,(3+\alpha)/2}}(\mathcal{M}x[0,T])\leq Cm\}$ .
, $C$ . , $vi\in S^{1}$ $\Lambda_{1}\in S^{2}$
$\mathcal{H}_{1}:S^{1}arrow S^{2}$
. , $\Lambda_{1}\in S^{2}$ $u_{1}\in c^{2+\alpha,(2+\alpha)/2}(\overline{\Omega(0)}\cross[0, T])$
$\mathcal{H}_{2}\cdot S^{2}arrow C^{2+\alpha,(2+\alpha)/2}(\overline{\Omega(0)}\cross[0, T])$ ,
.
$\mathcal{H}_{1},$ $\mathcal{H}_{2}$ , . ,
23 $u_{1}$ ,
$v_{2}:=u_{1}$
, 2.1, 23 ,
. , .
2.4. $v_{1},$ $v_{2}\in c^{1+\alpha,(1+\alpha)/2}(\overline{\Omega(0)}\cross[0,$ $T])$ . , $C=C(m)$
,
$\Vert \mathcal{H}_{1}(v_{1})-\mathcal{H}_{1}(v_{2})\Vert_{c(\mathcal{M}x[0,\eta)}3+\alpha,(3+\alpha)/2\leq C\Vert v_{1}-v_{2}\Vert_{C^{1+\alpha,(1+\alpha)/2}}(\mathcal{M}x[0,\tau])$
.
53
, $(P_{1})$ . ,
.
25. $Y_{\Lambda_{i}}^{-1}(y, t)$ $\Lambda_{i}=\mathcal{H}_{1}(v_{i})$ $Y^{-1}$
. , $(P_{i}^{*})$ , $w_{1}(Y_{\Lambda_{i}}^{-1}(y, t), t)$ Lemma2.1 $v_{i}$
$($ , $i=1,2)$ . ; $C=C(m)$
:
$\Vert \mathcal{H}_{2}(\Lambda_{1})-\mathcal{H}_{2}(\Lambda_{2})\Vert_{c(\overline{\Omega(0)_{e}}x[0,T])}2+\alpha,(2+\alpha)/2$
$\leq C\{\Vert\Lambda_{1}-\Lambda_{2}\Vert_{c(\mathcal{M}x[0,T])}3+\alpha,(3+\alpha)/2+\Vert v_{1}-v_{2}\Vert_{c(\overline{\Omega(0)_{\epsilon}}x[0,T])}2+\alpha,(2+\alpha)/2\}$ .
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